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Abstract

The recent computational revolution of Bayesian statistics has expanded use of the Bayesian statistics
significantly; however, Bayesian statistics face a new set of challenges in the era of information technology.
We survey the history of Bayesian statistics briefly and its expansion in the modern times. We then take a

prospective future view of statistics and list challenges that the statistics community faces.
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1. ME

Bayest= 1761d 4 1790l APdatsich Hlojd &2 FAshA] Ak Bulo] 59419 vro]= A
TG FAEH YA 1701doly 1702dY Aoz F=Hr}E Bayes AFY &, 1763d0] 19 2+
9l Pricex= Bayes7} Hume®] o tjst whda g =F2 LxEIc} (Bayes, 1763). ©] ==A
Bayes o|F-E 22| gE tst FE& =230 =9 JAH A Hlo]= HBE o] FoWh

201432 Bayes”} Blojd#] 3121 WX 313d0] 11, Bayes?| =Fo] HREHA 25150 HE
sflojth. 20132 wlo]= A7l dxHEA 2500 HE =2 B2 FAREo] itk =A| wlo] At
3] (International Society for Bayesian Analysis, ISBA)oll A= Bayes 250°]2= o]l§22 {34
3H(Duke University)ol|A] &3] & 7R3 FI Wl o] A k] 2501 JALe} vl & AH K YT} & FA AT
A Z 250 W o]t FAL AALE AFHHE I v E XY EE EJIE Vst iV E ARA
A S g 7|mA B4t of ST E AR sharoll A wWo] x|t A AT} o] Tt
Hilo] B 12H7|E vighe vhso|th

o)X QF FAl= 20417] 2] E71E A 20M7] ERERE 21A1717F Sl WA HE 1 Y
< a7t Aok BAAE Euk oft 9, AET, 7| 5 oy SERIAE o X<t BA
sho] g&E-L o AX 2 gt wtde HAE Aile] M2 =AE A7 ok A5 u-§Fske}
Mz Woe) AR 57, BAZ ELASE BAL B4, FASY was), 29uos} 3944
Y T Solth WoA ¢t FATE FATY FEHE =4S 2ol o] Urtekstth. fE+ o] =%
oA wlo] At AT AL AHKEI, o]F ulFo R vgE 2 EE 73] E 7R st
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o] % = T theH 2tk 28X WolA St BAY AALE AFEch. 3F AL WAL F
AT AR Aol sl dobdtt. 4ZolAE Al e e AFE 7o R wHE 2E|
o}y a3 532 A2 g o]FoiA 9tk

2. HIOIXI2H SHIC| SAL

1748 Aol Hume2 <17} o]afjof] th3l Z&(Philosophical essays concerning human understanding)©]
g A5 AE S8k, 7|5 ZEAQ 9o thdt A4S It (Hume, 1748). Hume2 2E
A A AT vl 4 vk Wolow, AFHA Uy, =9, AL At FAlel A
A A P2 (First cause) 22 AAF 7] W&o Humeo] 42 & 3b3S £ 24t} Hume2 Al
A Fusgt taple] FRApe] EAE FSHEA| ?%"EE]'—T’—— F75tith. Humeo] -2 3hA o] AL} 3}
HH o) A= AT, A A= /‘]' ol 22 342 oF71gth. eivetd, JA1Y] +8xte) 3
A2 AAHAEY] 47 A AR 4, S A9 EAE SHsitta W7 dEoltt
Al AH XA (Turnbridge Wells)e] EALZ 911H Bayest= Humeo] o ol w30z o35
E (Inverse Probability), & o™ AbA2] Qelo] th3l EEof tis) #HAS 2tu, 2022y Y99S g
o

o I

rlo

S 4 Qthe S S 3t Bayesd] 571 419 EAE o m SR Y A
2 ®olt} (McGrayne, 2011). Bayest: AFZo] @i H =FoA o|gEx e Bo s FE231=
A& =3 AUt (Bayes, 1763). ©] =0l 5 RZE ARIEZE AR 2o s =
S AEA Y FAREE FolA Kol I o] U, e o= Ak At
22 3T ARATL A4S AR, AUAY vl A WA FARARL o AL Tehao
&2} Laplace= 1774\ 19 =FoA o|FEF] 42 F

Asttt (Laplace, 1774). o] % o] A& o3, AEe, W 59 thgst &

3k I+ A At 2] A ALAEE (Conjugate prior) 7ld 3} HAERQ-EZ u]Al2 A 2] (Bernstein

ghal 7}, oF 22 el tisiA 2788kt Laplace % ESE oY
reason 2-2 Principle of indifference) & ©]|§3to] F5EEZE AIAEEZZ AE31= 2o gt =24
272 BB, Laplacee] Mol A%k FA] thak H2HL ol % ol AdSolA BeAL G2}
2 Fol SUEY FEREW] FES AT ANREE o 857)% Sk

19203 o]%, J&52o] EA|52 Fisher, Neyman, Z12]1l Pearsono] A 22 32t} A 7)

WA AREe) BAoTRE BAs Holdth. FAE BASS o|So] AU PUED 4234

o2 gA=Ed) o] HHEL W EF B4 (Z2 UE5A; Frequentist statistics) & 7|Wro.2 3+ 7

o9tk HES MEEA AL FAT Aol FAW MR L AL AT, GBS A WEE

Aolshe Aotk WEEd BAL S MEed A4S vos SA4 2ES St FAA

2 SRtk MEEATel F5RE Auge o A, WolAdte] BH9 BA%e 25 AN
)

of BA6IA Hol AT HE BRSO 25 AA e B Ak,

oz B2, wlojA ok W AlA 230 A Al7]e] Turing 5ol 23] 4&E &= % A
A9l £A9) 2ol ol &% SR ek oleje ALl tiFelA Bl s13) vl At
(McGrayne, 2011).

FATAANA N=FATS 7Rk
T AT 2eu ol 45l
oAt FA= 270 M= oE W

FHU

g PHESOl AR wiEe] WolAk TAE AIVE 7
HE aplace®] ofeltjol= g4 EAs] yrlar gIieh. wl
o7 WA= Zkedl, ol S 77 ARAA H o] X H Objective
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Bayesian) 3} 334 ] 0] X 9}(Subjective Bayesian)o|gtal HE2r}. F3#2 < wo] x| etxt A=Al H|
o|A ot R FEolghes AL U] AT T mddti=n 5 Ho] Atk I A3F wo| x|t
2 FEo QojA AAFCl 75 HA%EE AT AEEEE FEE U2 AEE YR

3l %

g 2
AFREE AR 2RE Pk B4A4L sk Aol AW WA 284 WolA %L AR
BEES 7Y ULoR Ao, AFREE ARE B Wk W) EE A2

37 o)A ARA Wol A gkt WA ebtrh 19200] &, Keynest =8]8+ 2H89] 39
o2 ggatust Stk Keynest o494 Ae 89 ke A¥Ho2 ¢ 4 lokn A2
olo] th&fl, Ramsey= Keynes®] o]2]3t A7 v)astn BE oA AFREo] x7)2HA9] 153
FBH BB 2 Ao] AAxGPrkn 243 (Gilles, 2000).

olgl= E=gF oz 1930d A o]EEole] De Finetties 237154 (Exchangeability) 9] 7132 271
Sa AAEES QYL SoHon AWEA 2B HES EIE A8 e P02 AoYrt
(De Finetti, 1938). L&t} De Finettio] ols] AIHH 859 73S o]F Savageoll oA thA] xH&
=7 A7kA) <F 2009 B APFE o T

FaA Ao A oA 9] FE-2 Savageol oJsliAl FA} wASHA HArk I wo|A Y] FES F
E ugog = SA4H AAR BEIE AATE o] 7)7+L SavageZt De Finetti®] d3E wAS
Al710171% 3t Savages EES A CR ZTHEE AYS ASSHA Aot W2 =84
¢ 71Z2E FRen, wol x|t FA et o]&g TS AsHA T=E Tt (McGrayne, 2011; Savage,
1954).

wh | AFA o] x|k ZA= g Jeffreysoll QA LAE AL Jeffreys= 191932] =04,
‘g A9l W2 A% (Degree of reasonable belief)’ 2 52 At} (Wrinche} Jeffreys, 1919).
ol F84 482 HID Ramsayo BAORE HlSeAT FBA0] ohd el We e BT
oA AT wolx)eke] Az} H stk Jelfreysis 1039 248 18] Ao| A A2 wo]ste] o
£ ol22 A% BE AAT FEHE Aol ==L /12Tt (Jeflreys, 1939). Jeffreyss A4BH
RAREE FE57) 93 HALRE ol BHG 10 Aol A THEAE AT A7 ABA o]
Hopol Al de] ALFHE BHAQ o7 H ik

)

3

£, 53] o443 £ (Discrete problem)E th#+H F83% J8S 344 H itk Lindley+
1965 19 MAE B3l ABA WAt FAE del Leled =Tt (Lindley, 1965). 19794
Bernardot #|H#A2 4 (Reference analysis) olgh= WS A7 ol AFZ wo|x|¢t B4
< 3l ek oz ARIFss AAR dHA U (Bernardo, 1979).

wWo] | ¢ke] o] A WA= BFotal, I FAlol= Ao At W ES o]8387] Al FAFst Akt
AE FPHolok F7| wfFell AAR o] o] &34 FAAR FASS tHR7+= e oty 18
o] X ¢he] =2 AT W AFEolA Wi Ho e, mEbA Hlo]A et FAE A AR
3H7] 98 8L ALE gt = AAhEde Raiffa} Schlaifers 1 & gt (McGrayne,
2011). o5 EFAA stollA o] Jard el sl A-stEA] A dstel oixe S8 FAS] §l
=EAE H2 = AT 5 givk AT FHH/ AAF w0 A o] B FAH e
2 52 Wl A<k o]2olgh= Ze ARHth o2 st AFE F3l wlo Rk A4 F&
2 Fap #4lE A

1990dofl= #Ho]A]

g Mo r
oF 4
i

_&gﬂlﬁ, lo
fu

[}

3]
o

32 o
x

)

Yol 9lo] Aol o]FojZtt Gelfand®} Smithes & ST

e

EED

“

1)

2
X
r
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(Gibbs Sampling) ¥'H o] ARFREAA AES FEot=t] 0|82 + ke AS HAT (Gelfand 2}
Smith, 1990). °]i= A wlo] x|t FA A ] #HAlQl vz = ARl #H 72 (Markov chain
Monte Carlo, MCMC)®He] AlZte] H it ulzz= Aol 2y 7152 9] Aoz wo|X| s
2 NEEAE Hrh ¢ g3 B3 #FAES g4 F 7 QA =3tk ol olF wlo| X<t FAY A=
< AA7E H=d 71ZA7F = Ak 1989, BUGS(Bayesian inference Using Gibbs Sampler) 2=
Hlo] ¢t 222 A% A HFIAZ ALH AL, H 2ol Re 53l ol8F 5+ U= stan(http://me-
stan.org), JAGS(Just Another Gibbs Sampler, http://mcmc-jags.sourceforge.net) &} 22 57 37|
250l Tt ol2ld thddt W79 SR, Fub wlo Ak WS {17 0] 8F 5 3
+ 7o npAE Ut

Ol

3. HIOIXI2H SHIS| A

ntEz 29 e FFEEE uE3 2T BUGS 59 o] ¢ SA 71X A g, wo]A]
<t BAE AA B Hopol A EatatA AR E = Aot
Ryan3 WoodallZ 71 o] Q&% FAS =g st 2AE JAFstt (Ryandt Woodall,
2005). ©]E<2 ISI(Institute for Scientific Information)o| A Al-&3h= Y do]gr|o]|~E o]-&3}o] 7}
o] 989 A = gaES HEINLh A U] E =RES MEE FA PHES AA
A, 7129 BA PHES $ASAY £ 7129 BA RS G PAow a3 et £
Aol Ag3 =EEolglon, wjio] A% 7Fole FAHQA 247 Y 7E At o)ES =&
7 =
=

~EE T AXZ oA ANSGEd, AAE 72 B

€ =25 T 7P Wl 484 25719
T PAESL, A 1993 dolu T o]l E3E =EE F 7P Wol J89 15749 =F 2l

1= 57) =i BlAEY = How, 9 2 el
th ko] Aol vjnd uj wlo|X| ¢t =Y TREE <A w7t SR AL & 4 A, oA A

ETA,
S wlo|Aeke] BEETL SR Arke AE AALE,
Ho]z| o] A T usA AFHThe BT SAE, 4t 5AAE A JASA(Journal of the Ameri-
can Statistical Association), JRSSB(Journal of the Royal Statistical Society: Series B), Biometrika,
2] The Annals of Statisticso|A] A= o] x| ¢t =82 v]&S RASIATE w0 X ¢ =82] 7]
22 F19=ol) Wolz we wo|xgho] T3k ERER B9, 1990WRE 20144 AA7A Fo
ERES ke s stk o, JRSSB A9 1997RE 201497148 =EES ZARIC

Figure 3.1% B ¥F5H o2 BE AIEA WX ¢ =29 vl&o] S7kste FAlg: AL &
3 4 9ok TSo] Z|9 = Hlo]= Ex Hlo]X|¢te] X3H =TS e R 3 Axfe]7] wi,
2F AMEA F7HE T Qe wol AR ZIEE S8t S FAI7F B2 =31 Aozt 7"
o] k] = H]&o] TSItk A2 Hlo]X|¢to] E8E = Hopt HA thgsiA L Urhes ARE
Aol Utt. AAZ Bergert Wo]X|QF BATF S8HIL e Hoked Y = oA E
A, 29 =7 €A%F 2371K]9] Fok= v 2t (Berger, 2000): &5 7 (Biostatistics),

;
—~ 0

913} (Causality), #5(Classification), 3% (Contingency table), 2JAF 23 ©]
]}l (Design), A8 #]o]=(Empirical Bayes), 227154 (Exchangeability), 3 A 3£

Decision theory

~

)

e
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Figure 3.1. The yearly trend of Bayesian articles in JASA (left top), JRSSB(right top), Biometrika(right bottom),
The Annals of Statistics(left bottom). The black points are data, and the blue lines are the results of the linear

regression fittings.

Z (Finite population sampling), 43} A & 2 & (Generalized linear models), 28] &2 & (Graphical
model), A% X3 (Hierarchical model), ©]u]A] *]2](Image processing), XX (Information), 2
27 (Missing data), B2} g4 A (Nonparametrics and function estimation), <A1d A}
(Ordinal data), ¢& 23 2% 3 (Predictive inference and model averaging), A2 T2} A
= E X (Reliability and survival analysis), =% £4](Sequential analysis), A& *]2](Signal pro-
cessing), &7t 57| (Spatial statistics), A3, RZA B} WA e (Testing, model selection, and
variable selection). ©] o= 54 23 (Feature model), #]& "4 2] (Differential equation), 5% &

% (Dynamic model) 5 | ©]#] ?l"C g Z2 Fofol| A S-8F L Sl

(U= T

ol

} <Ot

e d

4. SH2| oleHoll Ch
Hl oAt FAS] wEh= FAS] vEie} wof i AT 5 lry. wEbA] Wl o] x| gke] FAL] mEE

F



860 Jaeyong Lee, Kyoungjae Lee, Youngseon Lee

UIEHOH Eﬁﬂ A5 %ﬂ%oﬂ 7V B ol dojtt. Az Tt o 7] ?%8 d== Ul\“ﬂ%

ze) sae ko1 57 Aele o713t (Berger, 2000). FATAES] §ol2 ofa

o) WAL A4 (Stationarity) & 27 @k A1E 5 9L Aolch WA et s Hlell of
2o oa)e) Aalo] FaolA A RolA| etk ARetolA ARl WolAe A5 vl of
%222 slme Aol

ule) BASte] E4og g oAl HAE Aze] Boh R A, Ame) dlgFstolr. A2} g

=

F3l "k of 7] olv] B ZollA ZoHE & otk 7, Folagk, veol¥ 54 A H (Information
Technology) 3| AF5-2 i Ak ofutojnist ko] 2455 ~E Ao Foled B3 ARE Fo}
Wiz Qick QY] FAA Ahs, HAE A A8, 71448 AR 52 S 2E9E8 A=Y AVE A
gott. 2 "t 52 FE vio|EVE U A °k-4 Atz TAR HEE HAATRe R 22 W
Aol A FATAEANA FH Aot XL TA ALt £&, 53] Hlo|A % TA At £=
FEI7F Doke ALt Sxo @ v A stk AACde AFEY At S50 4 ol dw 7|t
w2 ez AN o)Al o o) AFE A £E AAS 7| & Qick AT 2F5Y %

AFE AL £SEE 7vhy F2) g3 7legedog AX k. o)A A AL x99 S
]/ﬂ- ?—]J-L 1--‘6]—X]——~0ﬂ7-”\:l]- U]-7;] T= E _,_‘_ W\7‘ﬂ QO—]q. 57;" 2“/&]— By =ge} t‘ﬂ:/ﬂ-oﬂ DH%H/H 57:]]‘5‘}1].
Eo] UAoF & wj7t H itk Sl M2 A4 daEsS NEsta, 28sithd 72 £ )
HrilE vHrolA ti&F A5 Aol st MEE SAA FES R ‘ﬂé% TH=ofof it} W o] R <t
FAE 19900l wlo] x|t Alste] ¥HS Hgrth wiRz A9l 2H FHERY S V)L oJBew
T HEY Ho)X <t FAE S8FAY HHDoR o)Fgitt. 2099 de] Ad A F wpE=Z A £ 7}
EE+ oA WAt SE&TAY 7T ST AL el A Al FA Y i%‘l 229 of-&-23}
of A8 &R =t} WAt FAE A5 eIl T MEL ALt S Tt ok g
ole} - AL v ol Yigt A= EA FdY Folt} (Kleiner 5, 2014; Minsker 5, 2014; Zhu<2}
Dunson, 2013). E3F #jo] X<t =¥ of] GPU(Graphics Processing Unit) & o] &3 WA A S 2R3}
= 59 d1x APE 7 9t} (Suchard 5, 2010).
SR, BATOR B2 9t BAS BTk Brond BAS NS thesh 2ol e 7
H319th (Efron, 2009).

_ﬂ_ rlo ool

£

o 19417]: th8%F A=, 7he AE
o 20M17]: 28 A7, TP AR

o 21417]: &% A5, 55

)
i)
Mo

19A17)0l= AR FF BANA EotA= &= ARA 21de dES Hohe 2o T4
29 QRO 20471 4852 ARlA Foi 20T AR el P RE AHE Do)
= Aol 1 FH ?:}—‘,j—ﬁir/]- wetA], 54 o2 §-&4 (Efficiency), ZA2Z U4 E 4% (Minimax con-
vergence rate) $& THRelth e}, Arle BAT oAt BAL thegel Amst il DA
o @w B3t AR Hstel SAT] FELt. 2 RA ok 2 use) A%, AL AR
T(large p, small n) FAoth. A7|A 22 279 7f¢etal sHA T AAE 259 757t Arhe 9
Bt ohUth B 4o A% 2hme) A ule) WA Atk Bolch W] A%t AL HA A2
2 2A} opIELh 100079 BEAE BHT] 579] Fojxl W F o} WEo] 23 WAE
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o= 2134 10 000711,1 HE> 19Jr 100,00079] W42 717 A4z o W4So] Z38 A
2 A o]z AT o]2x AR MEE =L 7HATH St W

Sk SAEE o] —E— ]°ﬂ W o] X QHA Q1 ZFAI 3 ofo|t]o] & thA & sfoFd Zolth.

HA, ME-E dlojE] Feje] Sdelth. 20M7]0dl= Aget HE 7t FAERE ] R4 oF & X459

Bk o)Al X thddt Heje] A5 FolA 1 k. 859 AR+ T, WHE, o)A, A

oA U IS S92 SIck A AR A2 Yol 2242 A 801 WA 2

+ Zlolt}. Hﬂ o|21 ¢t & o] 739 AEE Y (Hierarchical model)S ]

Y= A5E OE & Atk 5433 259 FEjoA FRY FEE 0%

2t EA ]ﬂ«] o REE w4 942 Yot

AR, FA Y] HAsteltt tirkE e AlAo A AT o] vl F2 T Aolzke AL 94

A7k ok AlAle 2% 23S WE Wl & o g —2—743 %61 01

=iy
\__

XNt X
ro,
Ry
e

O
9,
=
rlr
o rlo S
é‘f
_l.4
ol
2 ¢
r]m

% oo [o off ot X O Iy (o

i1
olN
L
=
M

A
WA ek AzEh HAclE B ARE 4
° Aol guk A7 AR BARAESE AfEol
45 A Feh B NSl JAoR BAE U7
S ojele BAE BN BANE M H1 SANAE B
Ak B AT S A FAAAE o .
ARE SRR GE Aol 22 A SUT

oft
)
)
D)

>

[o of
%
2 4
>

i
=
30
fu)
of ek
o 1o
3
e

o o
3
of

N I:o

2

TN

>, )
fn (o,
[
oM,
N o o o
I:Orﬂmlm
I
d
il
_?l_‘,—v—‘
PR E
1ok rlr
mlogem
kd
ot TR
4>é§9
;Omﬂlmo
jmnﬁ
QLEM
mlnm{:‘“
o W 5
J?'J_J
iﬁ‘
%iJS‘J
mln%’rulo
‘I;Imﬂ
, > o
o
Dy Ay AT o
gsl_ﬁ_ls_,"‘lil"’ﬂ;‘
b g
iﬁmiﬂrlo
, RN
-IOTJQL'E'“
oft & =
itF
2 x4y y
> 3 of 1%
© b o o
Io_o,—?ig
%E[n
_4&_4
)

OHH
)
o
flo
e
ko
e
ieA
T
-0,
[t
2
e
El
do 2

=]
o) gtk stel I¥ AN FoE FARAN T Do
o

A WA R o] o]E] Alo]AE]AE (Data scientist)®] S7o|th doJE] Alo|AE|AES] Aol 2
A Ak, AR AFE TR T AR < 2 2tk ol Wills9] tlo]g Ape]AE]~
9], “Hlolg] A]AE|AEZ FAAERETE A4S &5la, AFETIARE B} A8E4 S
APrE GBI oA & e glokal AZgktt (Bithlmann 5, 2014). HoJE] Alo]E|AES] 57
2 SATAEANA MEE =4S 7HAT £tk obF deroll e FAsHA vehbe 842 oA
TF2olut HolaRe e FAT AFA At Eﬂ 1E1 AL ABI~EE AEgriar gtk dlo]E Ate]Qd
E2EQ] nef7} of DA A= obFrE Bt W FA RS0l Wels 2AY FATE 100d0]
2 gojo]al HlolE] Ate]AE]AEE Ho]E ulo]u(Data miner), 6-A| 10} EHHWEXT FFA] e
7t ARl 2l xStk ey g 7ER] S838 212 SASte] oledt ABlo] wistE FAlEHH
b= a1 929 W& Alagle] o] & & whedsfof stk Aotk &, thy AUl BAT AF3AES ¥

A dlele Abe]AB|RESAA 275+ FAT AR °f‘ ZF S ZEe 28 AMER J]
Hfof gtrh= Zlojth

5 &

h

SrollA] wo] x| Qo] Aol whs ZhersiA] obiil, FAS] vlE 2 E A wlolA| ¢k FAI9] ]
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A= AHEYT H2o FAE HolA FANAY. olF NEEH FA SFLE 2047] 2wkl
715 XA, Hol At Ate] HHor M AG7E B Ak Hoj At FAL AEL oA
A BT E BloluA A gREokz AW itk d=e] SAEAE ] wlol Ak EAL] A
3710 23 A4S 7€ HiEtEA 22 vtk
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